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BIOLOGY, ECOLOGY, AND MONITORING OF THE PENTATOMIDAE
(HETEROPTERA) SPECIES COMPLEX ASSOCIATED WITH

TREE FRUIT PRODUCTION IN WASHINGTON

Abstract

by Peter Scott McGhee, M.S.
Washington State University

December 1997

Chair:  Jay F. Brunner

Several species of Pentatomidae (stink bugs) feed on pome and stone fruits in

Washington.  Feeding by Euschistus conspersus Uhler and Chlorochroa ligata (Sayii)

results in sunken areas on the fruit, 1/4 to 1/8 inch in diameter that appear corky beneath the

skin.  Orchards in Chelan County with high infestations of stink bugs suffered significant

loss due to cullage of damaged fruit.  These orchards are surrounded by host plants that

play a major role in stink bug development.  Euschistus conspersus and C. ligata were

regularly found on mullein, bitterbrush, and currant throughout all sites in 1996 and 1997.

The development of E. conspersus was investigated at 4 constant temperatures and a lower

developmental threshold was determined to be 12oC.  These species are univoltine in

Washington and are attacked by several species of natural enemies, especially egg

parasites.  Surveys of parasites determined that 60% of stink bug eggs, in native habitats,

are parasitized between late June and early July; this coincides with peak stink bug

oviposition.  Sampling strategies were developed to evaluate pest populations levels during

the season.  Two traps, the Jug and Fisher designs were determined to be effective in

monitoring pest populations.  Suggestions are made for further research.
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In 1997, 50 fruits were again sampled from each tree, on five trees in the perimeter row and at two

intervals inside the orchard.  The number of injured fruits per tree was recorded.

Trap evaluation

Four trap designs were evaluated for their relative effectiveness in capturing stink bugs in Chelan

County, Washington between 1 June and 8 September, 1997.  Traps designs were  1) Jug trap - a

modified 3.8 liter transparent plastic jar with 2 wire mesh funnels 13 cm diameter tapering to 1.5

cm diameter inserted in opposite sides of the container, 2) Tube trap - a large transparent plastic

tube 20 cm long and 10 cm in diameter with two wire mesh funnels 10 cm diameter tapering to ca.

1.5 cm diameter inserted in opposite ends, 3) Weevil trap - a transparent plastic tube 16 cm long

with a 9 cm diameter and two 4 cm openings centered on each end (modified Hercon boll weevil

trap), and 4) Cone trap - a boll weevil trap (USDA type) consisting of a wire mesh screen funnel

11.5 cm diameter tapering to 1.5 cm diameter with a small transparent plastic collection tube 5.5

cm long by 5.5 cm diameter attached to the tapered end of the funnel (Fig. 3.1).  Each trap was

baited with a lure, a sleeve-type rubber septum, containing 20 mg of methyl (2E, 4Z)-decadienoate,

a male-specific volatile of E. conspersus (Aldrich et al. 1991).  Each septum was suspended in the

middle of a trap.  Each trap also contained a small block of pest strip (Dichlorvos) in relation to the

trap size:  Cone = 0.5 cm3, Tube = 1 cm3, Weevil = 1 cm3, and Jug = 1.5 cm3.

Traps were placed in fruit trees in the border row of an orchard and in vegetation of native

habitats near the orchard border.  In the orchard, traps were attached with twine to main scaffold

limbs of fruit trees in the perimeter rows 1.5 m above the ground.  In native habitats, traps were
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placed 30 m from the orchard border in bitterbrush, mullein, currant, or serviceberry.  All traps

were spaced 20 m apart both inside and outside of the orchard.  Traps were checked and the

positions rotated twice each week.  The number, life stage, and species were recorded for each trap

each sample period.  Lures were replaced weekly.  Each treatment (trap) was replicated six times in

each habitat.  Data were evaluated using analysis of variance (Super ANOVA, Abacus Concepts

1989) separately for traps placed in orchards and native habitats.  Where appropriate, trapping

means were separated using Fisher’s protected LSD.

RESULTS AND DISCUSSION

Fruit injury and Characterization

All Delicious apples caged with E. conspersus or C. ligata displayed signs of injury.  Small, dark

depressions, ranging in diameter from 1 mm to 1 cm, were visible on the exterior of the fruit surface

as seen in Figure 3.2.  Injury was sustained on the upper and lower hemispheres of the fruit.

Peeling the skin of the fruit revealed light to medium brown discoloration of the flesh that extended

into the center of the fruit 1-5 mm (Fig. 3.3).  Gala apples showed no external signs of injury two

weeks after caging.  Ten fruits from each treatment were placed in cold storage (2oC) for two

weeks.  The remaining fruits were peeled to examine for injury.  Injured flesh of the Gala was very

slightly discolored, appearing creamy white against the normally light yellow-colored flesh (Fig.

3.4).  Gala fruit placed in cold storage did not develop any external symptoms of stink bug injury.

Control fruit of both varieties showed no signs of damage.
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Delicious varieties incur visible damage on the exterior that extends into the flesh of the fruit,

while there was no visible external signs of damage to the Gala varieties in our study (Table 3.1).

Different responses might be explained by variety, physiology, or stage of fruit development.

Caged tests were conducted when Gala were fully mature.  Delicious apples were still growing and

ripening at that time.  Injury on Delicious apples is observed during mid or late August, at which

time the Gala apples have already been harvested in most years.  Stink bugs invading orchards from

uncultivated areas may arrive too late to cause injury, or for visible signs of injury, to become

apparent on Gala apples.

Damage by E. conspersus and C. ligata adults on Delicious apples was similar in appearance.

Pears attacked by A. hilare and E. variolarius exhibited dimpling on the fruit surface and white

cottony pockets in the flesh (Mundinger and Chapman 1932, and Wilks 1964).  Brown, tobacco-

colored droplets were detected on some of the apples injured by stink bugs.  These droplets were

described as stink bug excrement by Borden (1952).

Examination of the spatial distribution of stink bug injury in orchards during 1996 revealed high

levels of fruit damage along the border row (Table 3.1).  The mean number of fruit damaged in the

Dole upper and lower Sites was 15 and 9.75, respectively, out of 50 in trees examined along the

border, decreasing to 2.5 out of 50 in trees 60 feet into the orchard.  The same pattern was observed

in two different blocks in the Naumes Site (Table 3.1).  The East Naumes Site had a mean of 14.25

out of 50 injured fruits in border trees and only 1.0 of 50 injured fruits in trees 80 feet into the

orchard.  The West Naumes Site had a mean of 15 of 50 injured fruits in the border trees and 0.2 of

50 injured fruits on trees 80 feet into the orchard.  In all orchards, the decline in fruit injury from
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the border to the fifth row was not gradual, but was very abrupt.  Each Site sustained less than

10% injury by the second row or approximately 20 feet in to the orchard..

Injury patterns in 1997 were similar to those in 1996 (Table 3.2). Border rows sustained greater

damage than the interior rows.  Three blocks in the Dole Site, Northeast, Northwest, and

Southwest, sustained means of 38.4, 17.8, and 8.6 fruits injured, respectively, out of 50 in the

border rows and 6.8, 1.8, and 0.0 mean fruits injured, respectively, out of 50 in the third interior

row.  The mean numbers of damaged fruits in the border and interior rows was 15.6 and 0.8 fruits,

respectively, out of 50 at the Craft Site and 19.6 and 0.4, respectively, out of 50 at the Naumes

Site.

The injury pattern for 1996 and 1997 suggests a strong border effect.  Migrating stink bug adults

move to orchard borders and stop to feed.  Where the highest levels of fruit injury occurred on the

borders, and where the blocks were also relatively small, e.g., the Dole Northeast Site in 1997,

higher levels of fruit injury were noted in the interior trees.  It may be possible to prevent or greatly

reduce fruit damage in an orchard by keeping active insecticide residues on rows bordering native

habitats.  Trap evaluation studies in 1997 indicate high numbers of stink bugs in the perimeter rows

of orchards where high levels of fruit injury were noted.  Traps might, therefore, provide

information that would assist the crop consultant or grower in determining the time to initiate

protective sprays and in determining which orchards and what borders were at risk from stink

bugs.

Trap evaluation
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Nymphs and adults of E. conspersus and C. ligata were captured in all four trap designs.  A

total of 637 stink bugs was captured, 497 E. conspersus and 140 C. ligata in 1997.  Greater

numbers of adult stink bugs were caught in the traps with the exception of the Cone trap where

more nymphs were captured.  In native habitats the mean number of adult E. conspersus and C.

ligata captured in each trap design was statistically significant (F = 8.111 and 3.298, respectively;

df = 3; P < 0.05).  In the same habitat, however, there was no difference between the number of

nymphs for either species captured in different trap designs.  The number of E. conspersus adults

captured in the Cone and Weevil traps was not significantly different and neither was the number

captured in the Tube and Weevil traps, however, adult E. conspersus captured in the Jug were

significantly different from all of these.  The mean number of C. ligata adults captured in the Cone

and Weevil traps were not significantly different from one another, additionally, captures in the

Tube trap was not significantly different from the latter two or the Jug trap.  The Jug trap captured

significantly more C. ligata adults compared to the Cone and Weevil traps (Table 3.4).

Trap performance in orchards was similar to that of traps placed in native habitats.  However,

statistically significant differences were found for the mean number of E. conspersus adults in

different traps (F = 12.371, df = 3, P < 0.05).  Trap captures for these adults show that the Cone

and Weevil trap were not significantly different, but captured significantly less adult bugs than

captures in the Jug and Tube traps.  Captures in the Jug and Tube traps were not significantly

different (Table 3.3).

The number of adult stink bugs captured in the orchard traps was not correlated with fruit

injury.  Mean trap catch was very low for even the best performing trap, the Jug.  Mean seasonal
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catch of E. conspersus in all orchards combined, increased during August, and this coincided with

stink bug invasions from native areas into the orchard.  Although there were statistical differences

in trap performance, these did not appear to indicate the level of fruit damage sustained at different

orchards.

Many stink bugs were found on or near the traps during this study but were not included in trap

evaluation.  Differences in trap performance are likely attributed to trap design.  Possibly, with

improved trapping methods, injury levels can be correlated with trap catch.  Also, stink bug

populations, and therefore their invasions into orchards, may be more accurately monitored with

improved trap design or attractants used.

The attractant used in trap evaluations, Methyl (2E, 4Z)-decadienoate, was determined to be a

male- specific volatile of the genera Euschistus (Aldrich et al. 1991).  Females, males, adults, and

nymphs of Euschistus sp. are attracted to this volatile.  This chemical is very similar to the so-

called pear ester, Ethyl (2E, 4Z)-decadienoate (Aldrich et al. 1991).  Possibly one of the reasons

stink bugs are attracted to pome fruits is due to this analogy.  Further evaluation of trap design,

attractants, and understanding of stink bug behavior and physiology would help in developing

better monitoring tools.
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Table 3.1.  Mean number of fruit injuries in apple orchards in 1996 (Mean ±

SEM).

Location n Border
(1st Row)

2nd sample
interval into

orchard

3rd sample
interval into

orchard

4th sample
interval into

orchard

5th sample
interval into

orchard
Dole Uppera 4 15.0 ± 4.5 4.5 ± 1.5 6.0 ± 2.8 3.0 ± 1.4 2.5 ± 1.0
Dole Lowera 4 9.7 ± 4.5 0.7 ± 0.7 0.2 ± 0.2 0.5 ± 0.5 2.7 ± 1.9
Naumes Eastb 4 14.2 ± 7.7 1.5 ± 1.5 0.2 ± 0.2 0.7 ± 0.7 1.0 ± 0.7

Naumes
Westb

4 15.0 ± 2.6 4.2 ± 1.1 3.0 ± 0.4 2.4 ± 1.6 0.2 ± 0.2

a distance (ft) between sample interval into orchard = 15 feet
b distance (ft) between sample interval into orchard = 20 feet
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Table 3.2.  Mean number of fruit injuries in apple orchards in 1997 (Mean ± SEM).

Location n Border
Percent Fruit injury

2nd sample interval
Percent Fruit injury

3rd  sample interval
Percent Fruit injury

Crafta 5 15.6 ± 3.6 6.0 ± 3.1 0.8 ± 0.8
Dole Northeasta 5 38.4 ± 3.8 18.4 ± 0.7 6.8 ± 0.9
Dole Northwesta 5 17.8 ± 2.8 6.0 ± 2.8 1.8 ± 0.8

Dole Southa 5 8.6 ± 3.2 1.6 ± 0.6 0.0 ± 0.0
Namesb 5 19.6 ± 4.1 3.4 ± 1.4 0.4 ± 0.2

n = number trees, 50 fruit per tree sampled.
a distance (ft) between sample interval into orchard = 15 feet
b distance (ft) between sample interval into orchard = 20 feet
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Table 3.3.  Mean number of E. conspersus and C. ligata captured per trap in orchard habitats in
Chelan County,

                  Washington, 1997.

es Trap n June
Mean ± SEM

n July
Mean ± SEM

n August
Mean ±
SEM

n Sept.
Mean ± SEM

Season
Meanb ±

persusa Cone 45 0.08 ± 0.04 29 0.00 29 0.06 ± 0.06 11 0.81 ± 0.12 0.18 ±
persusa Weevil 45 0.13 ± 0.06 29 0.10 ± 0.05 29 0.10 ± 0.05 11 0.27 ± 0.19 0.19 ±
persusa Tube 45 0.31 ± 0.12 29 0.00 29 0.44 ± 0.13 11 0.18 ± 0.18 0.75 ±
persusa Jug 45 0.33 ± 0.14 29 0.24 ± 0.09 29 0.68 ± 0.22 11 0.45 ± 0.24 0.72 ±
persusn Cone 45 0.00 29 0.20 ± 0.10 29 0.06 ± 0.04 11 0.00 0.23 ±
persusn Weevil 45 0.00 29 0.33 ± 0.14 29 0.00 11 0.00 0.14 ±
persusn Tube 45 0.00 29 0.46 ± 0.27 29 0.20 ± 0.10 11 0.00 0.33 ±
persusn Jug 45 0.00 29 0.46 ± 0.21 29 0.16 ± 0.10 11 0.00 0.28 ±
ataa Cone 45 0.00 29 0.00 29 0.06 ± 0.04 11 0.00 0.01 ±
ataa Weevil 45 0.02 ± 0.02 29 0.06 ± 0.04 29 0.17 ± 0.07 11 0.18 ± 0.01 0.03 ±
ataa Tube 45 0.11 ± 0.07 29 0.00 29 0.24 ± 0.12 11 0.36 ± 0.15 0.08 ±
ataa Jug 45 0.22 ± 0.16 29 0.10 ± 0.05 29 0.31 ± 0.14 11 0.27 ± 0.27 0.11 ±
atan Cone 45 0.00 29 0.10 ± 0.05 29 0.16 ± 0.08 11 0.00 0.00 ±
atan Weevil 45 0.00 29 0.60 ± 0.37 29 0.10 ± 0.05 11 0.00 0.00 ±
atan Tube 45 0.00 29 0.06 ± 0.04 29 0.03 ± 0.03 11 0.00 0.01 ±
atan Jug 45 0.00 29 0.23 ± 0.14 29 0.53 ± 0.17 11 0.00 0.00 ±

aAdult stage
nNymph stage
b Mean trap catch for season.
Means within a species and life-stage followed by the same letter are not significantly different,
(Fisher’s protected LSD, P < 0.05)
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Table 3.4.  Mean number of E. conspersus and C. ligata captured per trap in native habitats in
Chelan County,

         Washington, 1997.

es Trap n June
Mean ± SEM

n July
Mean ±
SEM

n August
Mean ± SEM

n Sept.
Mean ± SEM

Season
Mean

SEM

ersusa
Cone 45 0.11 ± 0.04 29 0.13 ± 0.06 29 0.27 ± 0.14 11 0.36 ± 0.20 0.06 ± 0.02a

ersusa
Weevil 45 0.20 ± 0.08 29 0.10 ± 0.07 29 0.31 ± 0.12 11 0.18 ± 0.18 0.12 ± 0.03b

ersusa
Tube 45 0.93 ± 0.24 29 0.48 ± 0.25 29 0.96 ± 0.21 11 0.45 ± 0.28 0.25 ± 0.06b

ersusa
Jug 45 0.84 ± 0.21 29 0.65 ± 0.20 29 0.62 ± 0.18 11 0.27 ± 0.19 0.42 ± 0.08c

ersusn
Cone 45 0.00 ± 0.00 29 0.33 ± 0.22 29 0.62 ± 0.38 11 0.00 ± 0.00 0.06 ± 0.02

ersusn
Weevil 45 0.00 ± 0.00 29 0.43 ± 0.17 29 0.13 ± 0.08 11 0.00 ± 0.00 0.08 ± 0.03

ersusn
Tube 45 0.00 ± 0.00 29 0.86 ± 0.37 29 0.48 ± 0.15 11 0.00 ± 0.00 0.16 ± 0.07

ersusn
Jug 45 0.00 ± 0.00 29 0.70 ± 0.30 29 0.37 ± 0.21 11 0.08 ± 0.08 0.16 ± 0.06

gataa Cone 45 0.00 ± 0.00 29 0.00 ± 0.00 29 0.03 ± 0.03 11 0.09 ± 0.09 0.01 ± 0.01
gataa Weevil 45 0.00 ± 0.00 29 0.03 ± 0.03 29 0.03 ± 0.03 11 0.18 ± 0.12 0.08 ± 0.02
gataa Tube 45 0.00 ± 0.00 29 0.00 ± 0.00 29 0.20 ± 0.12 11 0.36 ± 0.24 0.13 ± 0.14
gataa Jug 45 0.00 ± 0.00 29 0.00 ± 0.00 29 0.27 ± 0.12 11 0.54 ± 0.31 0.21 ± 0.07
gatan Cone 45 0.00 ± 0.00 29 0.00 ± 0.00 29 0.00 ± 0.00 11 0.00 ± 0.00 0.08 ± 0.02
gatan Weevil 45 0.00 ± 0.00 29 0.00 ± 0.00 29 0.00 ± 0.00 11 0.00 ± 0.00 0.17 ± 0.09
gatan Tube 45 0.00 ± 0.00 29 0.06 ± 0.06 29 0.00 ± 0.00 11 0.00 ± 0.00 0.02 ± 0.01
gatan Jug 45 0.00 ± 0.00 29 0.00 ± 0.00 29 0.00 ± 0.00 11 0.00 ± 0.00 0.19 ± 0.06b

aAdult stage
nNymph stage
bMean trap catch for season
Means within a species and life-stage followed by the same letter are not significantly different,
(Fisher’s protected LSD, P < 0.05)
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Figure 3.1.  Stink bug traps from left to right: Cone, Weevil, Jug, and Tube.
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Figure 3.2.  Stink bug injury on Delicious apple, exterior.
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Figure 3.3.  Stink bug injury on Delicious apple, interior.
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Figure 3.4.  Stink bug injury on Gala apple.
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APPENDIX

Host plants of stink bugs (Pentatomidae) in north-central Washington.

Common Name Family Genus species
Apple Rosaceae Pyrus. L.
Asparagus Liliaceae Asparagus officinalis L.
Baby’s breath Caryophyllaceae Gypsophila paniculata L.
Balsamroot Asteraceae Balsamorhiza sagittata (Pursh)
Big-leaf maple Aceraceae Acer macrophyllum Pursh
Bitterbrush Rosaceae Purshia tridentata (Pursh)
Blackberry Rosaceae Rubus L.
Cheat grass Poaceae Bromus L.
Cherry Rosaceae Prunus L.
Current Anacardiaceae Rhus trilobata Nutt.
Dalmation toadflax Scrophulariaceae Linaria genistifolia L.
Elderberry Caprifoliaceae Sambucus L.
Mullein Scrophulariaceae Verbascum thapsus L.
Pear Rosaceae Pyrus L.
Poplar Salicaceae Populus L.
Rabbitbrush Asteraceae Chrysothamnus L.
Red-osier dogwood Cornaceae Cornus stolonifera Michx.
Russian knapweed Asteraceae Centaurea repens L.
Sage Asteraceae Artemisia L.
Serviceberry Rosaceae Amelanchier alinifolia Nutt.
Snowberry Caprifoliaceae Symphoricarpos occidentalis Hook.
Sumac Anacardiaceae Rhus glabra L.
Thimbleberry Rosaceae Rhubus parviflorus Nutt.
Vetch Fabaceae Vicia L.
Wild Rose Rosaceae Rosa L.


